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Interview Discussion: Anthropogenic Processes
A1
 Most common hazards are hydro-meteorological.  Distinct topography of Guatemala Pacific coastline means that it may not be possible for submarine landslides to occur.  Tsunamis on Pacific coast occur but are small. Highest risk is in the Gulf of Honduras where the Motagua fault goes into the Caribbean.  2012 earthquake caused liquefaction on the Pacific coast.  Floods are a function of storms/rain.  Storms trigger landslides and lahars.  Earthquakes trigger landslides.  1976 Mw = 7.5 earthquake was associated with both vertical and horizontal displacement.  Earthquakes can trigger aftershocks and transfer stress on to other faults.  Landslides blocked rivers during the 1976 Mw = 7.5 earthquake and Hurricane
Mitch .  Information to relate earthquakes to volcanic eruptions, through the process of transferring stress.  Artificial fills; hillslope development.  Possible subsidence (20 cm) due to groundwater abstraction.  Forest fires commonly have human origin.
B1
 One example of a landslide triggering a small (2 m) tsunami in Lake Atitlán, resulting in flooding.  Sedimentation in rivers can result in flooding.  Flooding in one basin can trigger flooding in another basin.  Lots of hazards related to weather patterns.  The source of flooding can be 13 km away from where the flooding occurs.
Landslides in the highlands carry sediment to lowlands and have an impact.
 Industry impacts flood patterns through river straightening programmes.  Sinkholes are a function of drainage systems.  Landslides a function of slope modifications, poor building practices (in the highlands) and modification of river beds in the lowlands.  Many landslides are human triggered around Lake Atitlán.  Landslides occur on steep slopes of Guatemala City.  Main groups of hazards are 'wet', including floods, landslides, and subsidence. Rainfall is the start of these chains.  Normal rain can trigger localised flooding, landslides and other small events. The sum of these may be the same as larger, extreme weather events in the Caribbean and Pacific.  Landslides can occur in clusters of 2-3 catastrophic landslides or thousands of smaller landslides.  Few examples of landslide dams  Flooding can trigger health hazards.  Lahars have a serious impact on the Samalá river.  When river deltas are full of sediment they are blocked and therefore the deltas grow backwards, resulting in flooding.  Guatemala is not affected by tsunamis.  Earthquakes trigger landslides.  No clear relationship between forest fires and debris flows in Guatemala. Biggest areas affected by forest fires are in Petén (low-relief). Grass grows quickly between fires and rainy season, preventing mud flows.
B2
 Poorly cut slopes  No drainage (water and sewage entering the system).  No technical training for slope treatment.  High density of housing.
C1
 Hazards include flooding, landslides and volcanic eruptions.  Eruptive phases of Santiaguito can result in problems in the Samalá watershed, with sedimentation.  Rain triggered landslides is most recurrent interactions. Landslides can also be triggered by earthquakes if they are large.  In volcanic areas there are interactions such as mudslides and lahars. At Fuego, sediment enters the watershed close by, and then has an impact further from the volcano.  Mixco (Guatemala City) had a slow onset landslide, which then had displacement of over 2 m at once  Informal settlements.  Industry modification of watershed.  Building licenses for flood plains.
C3
 Relevant interactions include pyroclastic flows, and El Niño and La Niña.  The relationship between flooding and geotechnical hazards is important.  Drought and extreme high temperatures (with lightning) can trigger wildfires. These are common in the country.  The border with Honduras acts as a natural barrier to hurricanes, only one hurricane (Hattie) has impacted Guatemala, in 1961. This caused flooding.
C4 & (C2)
 In some regions, floods occur about every two years.  Key events generally occur if there is heavy rain at Fuego. This triggers lahars, with sediment coming down and impacting infrastructure. Lahars trigger floods, on the plains away from Fuego. Floods can occur 120 to 140 km away from Fuego.  At Santiaguito, lahars also occur, but their impact is closer to the volcano.
Generally, there is one lahar a day at Santiaguito, depending on the rain.  Landslides occur, not always triggered by rain/earthquakes.  Droughts can result in forest fires. It is not that common to have forest fires increase the likelihood of landslides. . Acid rain may also occur. Lahars generate from these flows, which cause floods near to Fuego and 20-25 km away from the site. Little evidence of these lahars blocking rivers as they have too much force.  Santiaguito: Ashfall occurs on a daily basis. There is also a problem with lahars, which travel as far as 60 km to the sea and have the same effect on flooding as those near Fuego. There are some phreatic eruptions, with interactions between water and magma (in relation to deep groundwater, not rainfall).  All three areas have issues of wildfires. There is also lightning at Fuego and Pacaya.  Triggers of eruptions may include earthquakes, this is uncertain and currently being investigated.
 Deforestation
D4
 Main frost events take place in November to February, affecting 20% of the country. In the Highlands, temperatures vary from 0-13 °C meaning there are higher levels of frost above 1800 m altitude. Frosts normally last 1 to 2 hours, but it can be up to 10 hours.  Along the Pacific coast there is an artificial channel, which many rivers run into.
Sediment from the volcanic belt enters this and floods occur at the end of the rivers near the Pacific Ocean.  Flooding in the Pacific is short duration, high energy and induced by volcanic sediments.  Gulf of Mexico is very flat, and flooding can have a long duration (3 months).
Rocks are impermeable limestone with caverns and karstic soils. The water table is close to the surface.  Polochic Basin, near Lake Izabal is associated with liquefaction and soil saturation. There are also landslides and rockfalls.  There are few examples of landslide dams in Guatemala, perhaps 2-3 cases after an earthquake occurs. The Rio Chixoy was blocked by a large landslide in 2002.  Around the Polochic Basin there are expansive soils/clays, at the end of the basin.
In volcanic soils there are some valleys with expansive soils also. Near the Chixoy and La Pasion Rivers there are some montmorillonite soils.  It is possible that earthquakes may intersect rivers, but no examples were known.
 Heavy soil use.  Mining contamination.  Sewage contamination.
D5
 Most important area for storms is the Atlantic, but they also come in across the Pacific.  Many landslides occur close to Atitlán and Amatitlán.  The principal cause of landslides is rain. They are worse in the rainfall is after dry weather. Hurricane Mitch came after a dry year. As the cover soil was dry this resulted in lots of problems.  Tornadoes are not common, there was possibly one in Guatemala City in 2012 but it did not cause too much damage.  Hailstorms normally occur in May to October (rainy season). Snowstorms are rare, but have occurred.  Lightning is very problematic in Guatemala.  Wind extends forest fires, as does the lack of rain.  It is possible that volcanic eruptions trigger storms, that particles in the atmosphere resulted in rain.
 Drainage maintenance impacts sinkholes.  Fires are often triggered by humans.
<
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D6
 Every year there are landslides and floods, normally occurring in the same places.  Floods occur in volcanic areas close to the Pacific coast and close to the Caribbean coast near to Lake Izabal. Precipitation is very strong in July to October. Floods are generated by fast movement down volcanic chains and in rivers. There are lahars on volcanoes and lots of sediment in the basin.  Other key hazards are landslides, sinkholes, seismic hazards, mudflows and volcanic hazards.  Tsunamis are possible but rare. There has been one in the past 100 years in the Pacific. In the Atlantic they have had two in the past 100 years. They generally have little impact. Task 1. Network Linkage Diagram for 21 Natural Hazards (16 participants). Participants used this to record triggering relationships that they believed to be relevant to Guatemala. We did not expect any participant to map out all relevant interactions. In Fig. S1 , we show 16 network linkage diagrams, each completed by a different workshop participant. Completed network linkage diagrams vary in the number and range of interactions proposed to be relevant in Guatemala. The number of interactions proposed by any one participant ranged from 8 to 35, with a mean of 18 and a median (50 th percentile) of 15.
Task 2. 7 × 11 Natural Hazard Interaction Matrix (15 participants). Participants completed a blank hazard interaction matrix, with seven primary hazards on the vertical axis and eleven secondary hazards on the horizontal axis. In our second task, 15 participants completed a 7×11 Hazard Interaction Matrix, with seven primary hazards on the vertical axis and eleven secondary hazards on the horizontal axis. Participants noted both relevant triggering and increased probability interactions in Guatemala. Completed matrices again show variation in the number and range of proposed interactions. In Fig. S2 , we show 15 hazard matrices, each completed by a different participant. The number of triggering interactions proposed by any one participant ranged from 3 to 36, with a mean of 12 and median (50 th percentile) of 7. The number of increased probability interactions proposed by any one participant ranged from 0 to 29, with a mean of 9 and median (50 th percentile) of 6. Using all 15 matrices, we develop a representation of the combined knowledge of participants.
We therefore collected two sets of visual records that document participants' perceptions of relevant hazard interactions in Guatemala. These are presented in Figs. S1 and S2 of this supplementary material. Using the results of these tasks we can represent the combined knowledge of the workshop participants ( Figs. S3 and S4) . 
Task 1: Network Linkage Diagram for 21 Hazards
In Fig. S3 , we overlay evidence from 16 completed network linkage diagrams on a global interaction framework. Grey shading indicates those interactions included in the global interaction framework, not all of which are relevant in Guatemala. Fig. S3 , shows the number of participants (out of 16) proposing each triggering relationship. Figure S3 . Stakeholder identification (using the network linkage diagrams presented in Fig. S1 and transferred to the above matrix) of possible natural hazard interactions in Guatemala. Given is a 21  21 matrix with primary natural hazards on the vertical axis and secondary hazards on the horizontal axis. These hazards are coded, as explained in the key. These matrices show cases where a primary hazard could trigger a secondary hazard. Grey cell shading indicates the triggering interactions in the global hazard interaction matrix of Gill and Malamud (2014) . Numbers indicate the total number (from a maximum of 16) of stakeholders proposing each hazard interaction as being possible in Guatemala.
Of a total possible 441 (21×21) interactions, there are 86 different interactions proposed in Fig. S3 as being relevant in Guatemala (by 1-16 participants), equivalent to 20% of the 441 possible interactions. Consequently, 355 interactions (80% of the 441 possible interactions) were determined by all 16 participants as not relevant in Guatemala.
Using Fig. S3 we note that for the 86 hazard interactions proposed by ≥1 participant: There is strong agreement between participants on 'no interaction occurs' (355 of 441 possible interactions), but much greater variation in agreement on 'interaction occurs' (86 of 441 possible interactions). Some of the proposed interactions may not be relevant (false positives), and others not proposed by participants may be relevant (false negatives) in Guatemala.
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Task 2: 7 × 11 Hazard Interaction Matrix
In Fig. S4 , we overlay the 15 completed matrices in Fig. S2 on a 7×11 section of a global interaction framework. Grey shading indicates interactions (triggering or increased probability) included in the global interaction framework, not all of which are relevant in Guatemala.
A B Figure S4 . Stakeholder identification (using interaction matrix) of possible natural hazard triggering and increased probability interactions in Guatemala. Two 7  11 matrices with primary natural hazards on the vertical axis and secondary hazards on the horizontal axis. Codes are used for each hazard type as outlined in Fig. S2 , with colour coding for different hazard groups also outlined in Fig. S3 . Grey cell shading indicates a triggering interaction (A) or increased probability interaction (B) existed in the global hazard interaction matrix presented in Gill and Malamud (2014) . Each matrix is then used to represent the total number of stakeholders proposing each hazard interaction as being possible in Guatemala (from Fig.  S2 ).
Here we show the number of participants (from 15) proposing each triggering relationship (Fig. S4A) and each increased probability relationship ( Fig. S4B) . Of a total possible 77 (7×11) triggering relationships, 53 different triggering relationships (69% of the 77 possible interactions) were proposed to be relevant in Guatemala by ≥1 participant. Consequently, all participants determined that 24 triggering relationships (32% of the 77 possible interactions) are not relevant in Guatemala.
Using Fig. S4A we note that of the 53 triggering interactions proposed by ≥1 participant: Of a possible 77 (7×11) increased probability relationships there were 51 different increased probability relationships (66% of the 77 possible interactions) proposed as being relevant in Guatemala by ≥1 participant. Consequently, all participants determined that 26 increased probability relationships (34% of the 77 possible interactions) are not relevant in Guatemala.
Using Fig. S4B we note that of the 51 increased probability interactions proposed by ≥1 participant: Table S5 . Evidence used to populate each cell within the national interaction framework presented in Fig. 3 of the accompanying paper. Information is presented (mechanism) which describes the physical process by which primary natural hazards (relevant to Guatemala) trigger, or increases the probability, of secondary natural hazards (relevant to Guatemala). We note evidence sources used to evidence each interaction, described in detail in Sect. 2 of the accompanying paper. In Fig. S5 we give the evidence types used in the construction of a National Interaction Framework for Guatemala. Blue shading indicates the number of evidence types (A-E) supporting the inclusion of each interaction. Darker shading indicates inclusion based on more evidence types and lighter shading indicates inclusion based on fewer evidence types. We group triggering and increased probability interaction types together and indicate the number of evidence types available per primary hazard-secondary hazard combination. This is due to the coarse resolution of the data used, and complexities of distinguishing in evidence types between triggered/increased probability interaction types. Figure S5 . Evidence types used in the construction of a National Interaction Framework for Guatemala. A 21×21 matrix with 21 primary natural hazards on the vertical axis, and 21 secondary natural hazards on the horizontal axis. Interactions (shaded cells) include primary hazards triggering a secondary hazard, and primary hazards increasing the probability of a secondary hazard. This matrix is populated using different evidence types, as outlined in Sect. 2 of the accompanying paper. Blue shading indicates the number of evidence types used to populate each matrix cell, as described in the key. The coarse resolution of the data used, and complexities of distinguishing between triggered/increased probability interaction types, means we group both interaction types together when indicating the number of evidence types. Visualisation structure based on Gill and Malamud (2014).
Using Fig. S5 we note that of the 50 identified interactions: 
